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=DLGHQWL¿NDFLMR ELEOLRJUD¿MH QHNH XVWDQRYH SUHN VLVWHPRY &2%,66&2%,%23$& MH SRWUHEQR L]YHVWL NRPSOHNVQR XND]QR LVNDQMH Y
YHþVWRSQMDK3RVWRSNLVRSUHGVWDYOMHQLYþODQNX=DREGREMHVPRLGHQWL¿FLUDOL REMDYH 2GGHOND ]D OHVDUVWYR %LRWHKQLãNH
IDNXOWHWH8QLYHU]HY/MXEOMDQLLQQDWDQþQHMHDQDOL]LUDOLWLSHGRNXPHQWRYMH]LNLQãWHYLOR]DSLVRYSRSRVDPH]QHPDYWRUMX8JRWRYOMHQR
MHELORREMDYRGWHJDþODQNRYL]UD]OLþQLKUHYLM3UYLKSHWQDMYLãMHXYUãþHQLKUHYLMMHSULVSHYDORYHþNRWþODQNRY
=HORYHOLNRMH]DSLVRYWLSD0RQRJUD¿MH LQ GUXJD ]DNOMXþHQHJD GHODWLSNLVLFHU]DMHPDMRWXGLGLSORPVNHQDORJHYHQGDUSDPQRJR
SXEOLNDFLML]WHVNXSLQHãWHMHOHSRHQRVWUDQLQQLVRMDYQRGRVWRSQH9HþDYWRUMHYLPDYED]L&2%,%YHþVWRHQRW7LSLGRNXPHQWRYSDVH
QHGRGHOMXMHMRYHGQRYVNODGX]HQDNLPLQDþHOL]DWRSRJRVWRYSUDNVLQLPRþXJRWRYLWLUD]OLNHPHGQHNDWHULPLWLSL7XGLGHMDQVNLYORåHN
DYWRUMDQLYHGQRUD]YLGHQVDMODKNRLVWLWLSGRGHOMHQSRVDPH]QHPXDYWRUMXSRPHQLSULPDUQHJDDYWRUMDDOLSDWXGL]JROMUHFHQ]HQWD
=DEROMãRLGHQWL¿NDFLMR GHMDQVNHJD LQGLYLGXDOQHJD DYWRUVWYD MH WRUHM SRWUHEQR XSRUDEOMDWL VLVWHP 6,&5,6 NL WXGL L]KDMD L] SRGDWNRY
&2%,66DEROMHXSRãWHYDVSHFL¿þQL WLS DYWRUVWYD =D XVWDQRYH Y FHORWL MH PRåQR XSRUDEOMDWL OH &2%,6623$& YHQGDU SD MH WUHED WDNR
SULGREOMHQHUH]XOWDWHLQWHUSUHWLUDWLVSUHYLGQRVWMR
.OMXþQHEHVHGHOHVDUVWYRELEOLRPHWULMDVFLHWRPHWULMDSRGDWNRYQH]ELUNH]QDQVWYHQDLQIRUPDWLNDLQIRUPDFLMVND
]QDQRVWLQIRUPDFLMVNHVOXåEHELEOLRWHNDUVWYRYUHGQRWHQMHUD]LVNRYDQMDNDUWLUDQMH]QDQRVWL6ORYHQLMD
%LEOLRPHWULFDQDO\VLVRISXEOLFDWLRQVRIWKHUHVHDUFKHUVRIWKH'HSDUWPHQWRIZRRG
VFLHQFHDQGWHFKQRORJ\RIWKH%LRWHFKQLFDOIDFXOW\
$EVWUDFW
,Q RUGHU WR LGHQWLI\ D ELEOLRJUDSK\ RI DQ HQWLUH LQVWLWXWLRQ LQ 6ORYHQLD WKURXJK&2%,66&2%,%23$& LW LV QHFHVVDU\ WR FRQGXFW
DGYDQFHGVHDUFKTXHULHVE\FRPELQLQJFRPSOH[FULWHULDZKLFKDUHSUHVHQWHGLQWKHDUWLFOH7KHWRWDOQXPEHURISXEOLFDWLRQVUHFRUGV
E\WKH'HSDUWPHQWRI:RRG6FLHQFHDQG7HFKQRORJ\RIWKH%LRWHFKQLFDO)DFXOW\GXULQJZDVLGHQWL¿HG DQG WKRURXJKO\
DVVHVVHGE\GRFXPHQWW\SHVODQJXDJHVDQGQXPEHURIUHFRUGVE\HDFKSDUWLFXODUUHVHDUFKHU$OWRJHWKHUUHFRUGVZHUHLGHQWL¿HG
ZLWKMRXUQDODUWLFOHVSXEOLVKHGLQGLIIHUHQWMRXUQDOV&RUH¿YH MRXUQDOV DFFRXQWHG IRU PRUH WKDQ  DUWLFOHV 7KHUH LV D
KLJKQXPEHURIWKHVRFDOOHG0RQRJUDSKVDQG2WKHU&RPSOHWHG:RUNVZKLFKDOVRFRYHUVWXGHQWWKHVHVEXWPDQ\³PRQRJUDSKLF´
GRFXPHQWVFRQWDLQRQHSDJHRQO\DQGDUHQRWSXEOLFO\DYDLODEOH6HYHUDODXWKRUVKDYHSURGXFHGVHYHUDOKXQGUHGGRFXPHQWVHDFK
'RFXPHQW W\SHVDUHQRWDOZD\VDVVLJQHGDFFRUGLQJ WRXQLIRUPFULWHULDDQG LW LV IUHTXHQWO\QRWSRVVLEOH WRGLVWLQJXLVKDGLIIHUHQFH
DPRQJFHUWDLQW\SHV7KHUHDOLQYROYHPHQWRIDQDXWKRULVQRWLPPHGLDWHO\HYLGHQWEHFDXVHWKHVDPHGRFXPHQWW\SHDVVLJQHGWRDQ
DXWKRUFDQLPSO\GLIIHUHQWUROHVVXFKDVDSULPDU\DXWKRURUDPHUHSHHUUHYLHZHU&2%,66OLQNHG6,&5,6PXVWEHXVHGIRUEHWWHU
DVVHVVPHQWRIELEOLRJUDSKLHVRILQGLYLGXDODXWKRUV7KHLQVWLWXWLRQVKRZHYHUFDQRQO\EHDVVHVVHGWKURXJK&2%,6623$&EXWWKH
UHVXOWVPXVWEHLQWHUSUHWHGZLWKFDXWLRQ
.H\ZRUGVZRRGVFLHQFHDQGSURGXFWLRQELEOLRPHWULFVVFLHQWRPHWULFVGDWDEDVHVLQIRUPDWLRQVFLHQFHLQIRUPDWLRQ
VHUYLFHVOLEUDU\UHVHDUFKUHVHDUFKHYDOXDWLRQPDSSLQJRIVFLHQFH6ORYHQLD
,]USURIGU7%8/%)2GGHOHN]DDJURQRPLMR-DPQLNDUMHYD/MXEOMDQDWRPD]EDUWRO#EIXQLOMVL
60XQLYGLSOLQJOHVDUVWYD1RYR0HVWR6/2
            =ERUQLN JR]GDUVWYD LQ OHVDUVWYD
8YRG
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2VQRYQL LVNDOQL XND]L VLVWHPD &2%,6623$&
&2%,%Y]DMHPQDELEOLRJUDIVNRNDWDORåQDED]DSRGDWNRY
QH RPRJRþDMR LGHQWL¿NDFLMH VNXSQH ELEOLRJUD¿MH QHNH
XVWDQRYH =D QDPHQ WDNHJD XJRWDYOMDQMD REMDY FHORWQH
XVWDQRYH MH Y VLVWHPX &2%,% SRWUHEQR L]YHVWL XND]QR
LVNDQMH YHQGDU MH WXGL  SUL WDNHP LVNDQMX SRWUHEQR
NRPELQLUDWL ãWHYLOQH LVNDOQH NRPELQDFLMH NDU SD ]DKWHYD
QDSUHGQR LQIRUPDFLMVNR ]QDQMH 1HNDWHUL XND]L VR
QDPUHþ SUHFHM NRPSOHNVQL9 VLVWHPX MH QDMWL WXGL QHNDM
SRPDQMNOMLYRVWLNRWVRQSUQHSRSROQLYQRVL'RWHKODKNR
SULGH]DUDGLQDSDNSULYQRVXSDWXGL]DWRNHUYQRVQHNDWHULK
SRGDWNRYQLREYH]HQ1HNDWHUHREMDYHUD]LVNRYDOFHYWDNR
QLPDMRYSLVDQHãLIUHXVWDQRYH=RSHWGUXJHQLPDMRYSLVDQH
WLSRORJLMHGRNXPHQWDNLSUDYWDNRQLREYH]HQSRGDWHNLQMH
YH]DQOHQDSRVDPH]QHUD]LVNRYDOFHNDWHULKEROMSRGUREQD
ELEOLRJUD¿MD VH SUHYHUMD LQ YUHGQRWL SUHGYVHP SUHN VLVWHPD
6,&5,6,QIRUPDFLMVNLVLVWHPRUD]LVNRYDOQLGHMDYQRVWLY
6ORYHQLMLýODQNLR]LURPDVHVWDYNLYVHULMVNLKSXEOLNDFLMDK
VRUD]NURSOMHQLYãWHYLOQLKUHYLMDK7RUD]NURSOMHQRVWMH]D
SRVDPH]QRXVWDQRYRWHåNRSUHYHULWL]XND]LNLVRQDYROMR
]DWRMH]DQDWDQþQHMãRDQDOL]RSRWUHEQRSRGDWNH]EUDWL LQ
XUHGLWLYODVWQLHNVSHULPHQWDOQLED]L
1DPHQUD]LVNDYHMHELOWRUHMRPRJRþLWLEROMSRGUREHQ
YSRJOHG Y QDþLQ REMDY LQ YQRV WHK REMDY Y &RELVV SUL
WHP SD FHORYLWR ]D YVR XVWDQRYR KNUDWL RYUHGQRWLWL
þDVRYQH WUHQGH REMDY WUHQGH REMDY QD SRGODJL WLSRORJLMH
GRNXPHQWRY SR PHWRGRORJLML &RELVV UD]LVNRYDOFH ]
QDMYLãMLP ãWHYLORP REMDY LQ RVUHGQMH UHYLMH Y NDWHULK WL
UD]LVNRYDOFL QDMSRJRVWHMH REMDYOMDMR 7R ERPR SULND]DOL
QD PRGHOX 2GGHOND ]D OHVDUVWYR %LRWHKQLãNH IDNXOWH
8QLYHU]H Y /MXEOMDQL 'RPQHYDPR GD NXPXODWLYQD
NYDQWL¿NDFLMD ]JROM SR QDþHOX SRVDPH]QLK ]DSLVRY QH QXGL
QDWDQþQHMãH LQIRUPDFLMHRGHMDQVNHP WLSXDYWRUVWYD ]DWR
ERPR ]D L]EUDQH WLSH GRNXPHQWRY SUHYHULOL LQ RFHQLOL
]D NDNãQR DYWRUVWYR GHMDQVNR JUH 'RPQHYDPR GD MH
]DUDGLGRNDMQHHQRWQHJDSULUHMDQMDWLSRORJLMHGRNXPHQWRY
ELEOLRJUDIVNLP SRGDWNRP Y VLVWHPX XVWDQRYH PHG VHERM
PRåQRSULPHUMDWL OH ]HOR SULEOLåQR LQ VLFHU OH QD WHPHOMX
L]EUDQLK WLSRYGRNXPHQWRY7LSRORJLMD&RELVV VH ]DWRQH
PRUHXSRUDELWLNRW]DGRYROMLYVFLHQWRPHWULþQLLQGLNDWRUR]
NRWPHULOR]DSULPHUMDYRPHGXVWDQRYDPL%ROM]DQHVOLMLYR
VHODKNRXSRUDEOMDOH]DL]EUDQH]QDQVWYHQHWLSH9þODQNX
åHOLPRWXGLVLVWHPDWLþQRSULND]DWLQHNDMQDMEROMXSRUDEQLK
XND]RYLQLVNDOQLKWHKQLNþHVDUSRQDãLL]NXãQMLXSRUDEQLNL
QHSR]QDMRGRYROMGREURLQWDNRQHL]NRULãþDMRPRåQRVWL
NL MLK SRQXMD VLVWHP ýODQHN QDM WRUHM SULSRPRUH WXGL N
YLãMLUDYQLXSRUDEQLãNLK]QDQMLQNEROMãLPLQIRUPDFLMVNLP
NRPSHWHQFDP
6FLHQWRPHWULMD NL VSUHPOMD WUHQGH Y QDMUD]OLþQHMãLK
GLVFLSOLQDK LQ UD]LVNRYDOQLK SRGURþLM PHG GUXJLP ]HOR
SRJRVWRWXGLSULNPHWLMVWYXQDVSORãQRUHGNHMHSRVHJDQD
SRGURþMHJR]GDUVWYDR]OHVDUVWYD$YWRUMLVWHJDSRGURþMD
VR]DVYRMH UD]LVNDYHQDMSRJRVWHMHXSRUDELOLPHGQDURGQH
SRGDWNRYQH]ELUNHNRW VWDQSU ]ELUNL&$%$EVWUDFWVNL
]DMHPDYVDSRGURþMDELRWHKQLNHYNOMXþXMRþJR]GDUVWYRLQ
OHVDUVWYR WHU VSORãQR ]QDQVWYHQR ]ELUNR 6FLHQFH&LWDWLRQ
,QGH[6&,R]:HERI6FLHQFHNL]DMHPDYVH]QDQVWYHQH
GLVFLSOLQH6SRPRþMR]ELUNH&$%$EVWUDFWVVRDQDOL]LUDOL
REMDYH þODQNRY Y UHYLMDK ]D ]QDQVWYHQLNH ] REPRþMD
MXJR]DKRGQH(YURSH5H]XOWDWHVFLHQWRPHWULþQLKUD]LVNDY
VR XSRUDELOL WXGL ]DWR GD VR SULSRURþLOL VPHUL QDGDOMQMLK
UD]LVNDY 5$'2*/28  5$)72<$11,6 
*R]GDUVNH UD]LVNDYH VR VH YUHGQRWLOH WXGL QD PRGHOX
NLWDMVNLK SXEOLNDFLML LQ VLFHU QD WHPHOMX þODQNRY Y ãWLULK
YRGLOQLK NLWDMVNLK JR]GDUVNLK UHYLMDK .RW SRPHPEHQ
YLGLN VR L]SRVWDYLOL QDWDQþQHMãR LGHQWL¿NDFLMR QDþLQRY
VRGHORYDQMDPHGUD]OLþQLPLXVWDQRYDPL58,=3e5(=HW
DO6FLHQWRPHWULMDQDFLRQDOQLKREMDY MH]DMHOD WXGL
LQGLMVNH JR]GDUVNH UHYLMH 3UL RFHQL FLWDWRY R] UHIHUHQFH
Y þODQNLK NL VR ELOL REMDYOMHQL Y UHYLML ,QGLDQ -RXUQDO
RI )RUHVWU\ VR VH SRWUGLOH ]DNRQLWRVWL VWDQGDUGQHJD
ELEOLRPHWULþQHJD R] VFLHQWRPHWULþQHJD %UDGIRUGRYHJD
]DNRQD %5$')25'  ,]SRVWDYOMHQH MH ELOR ãLENR
]DMHPDQMH LQGLMVNLK QDFLRQDOQLK UHYLM V VWUDQL 6&, NL QH
LQGHNVLUD QLWL QDMSRPHPEQHMãH LQGLMVNH JR]GDUVNH UHYLMH
,QGLDQ )RUHVWHU +$=$5,.$  8SRUDEQLNL PRUDMR
ELWL LQIRUPDFLMVNR GREUR XVSRVREOMHQL VDM MH SRPHPEQH
JR]GDUVNROHVDUVNH LQIRUPDFLMH  QDMWL WXGL ãH Y ãWHYLOQLK
GUXJLK JOREDOQLK LQIRUPDFLMVNLK VLVWHPLK NRW VR $JULV
$JULFROD%LRVLV LQ6FRSXV .(03)SROHJ WHKSD
SUHGPHWQHR]QDNH]DQDWDQþQHMãHNODVL¿FLUDQMH JR]GDUVNLK
WHPDWLN SUHGYLGHYDMR WXGL ãH JOREDOQH ]ELUNH V SRGURþMD
WHKQLNH NRW VR &RPSHQGH[ ,QVSHF ,FRQGD WHU GUXJL
VSHFLDOL]LUDQL LQIRUPDFLMVNL VLVWHPL QSU ]D VWDQGDUGH
,62LQLQWHOHNWXDOQRODVWQLQR:,32%$572/
2EHNVSOR]LML]QDQVWYHQLKUD]LVNDYQDSRGURþMXJR]GDUVWYD
LQOHVDUVWYDVRLQIRUPDFLMVNHWHKQRORJLMHNDPRUVRGLWXGL
GROJRURþQRKUDQMHQMHLQDUKLYLUDQMHLQIRUPDFLMYHGQREROM
SRPHPEQH2GPHGQDURGQHJDVRGHORYDQMDSULY]GUåHYDQMX
JOREDOQHJD JR]GDUVNHJD RPUHåMD LQ V WHP RUJDQL]LUDQMD
]QDQMDERPRUGDFHORRGYLVQDSULKRGQRVWJR]GRY0,//6

7XGL SUL QDV MH QDMWL QHNDM REMDY NL VR ]DMHOH
LQIRUPDFLMVNH YLGLNH JR]GDUVWYD LQ OHVDUVWYD
6FLHQWRPHWULþQD DQDOL]D DYWRUMHY FHORWQH %LRWHKQLãNH
IDNXOWHWH YNOMXþXMRþ JR]GDUVWYR LQ OHVDUVWYR MH ]DMHOD
GRPDþH VHULMVNH SXEOLNDFLMH LQ XJRWRYLOD UD]NURSOMHQRVW
þODQNRY Y NDU  UD]OLþQLK GRPDþLK UHYLMDK =D]QDWL MH
ELOR SUREOHPH SUL LGHQWL¿NDFLML DYWRUMHY ]DUDGL QHNDWHULK
RPHMLWHY LQIRUPDFLMVNHJD VLVWHPD &RELVV&RELE NL MH
UDELO NRW RVQRYQL YLU SRGDWNRY SUL UD]LVNDYL %$572/ 
6723$5'RPDþHREMDYH]DMHPDMRWXGLYUHGQRWHQMH
VWDQGDUGL]LUDQH ELEOLRJUDIVNH RSUHPH SXEOLNDFLM 3UL
QHNDWHULKSXEOLNDFLMDKMHRSD]LWLQHNDWHUHPDQMVWDQGDUGQH
HOHPHQWH NRW MH QSU WXGL GYRXPQRVW QDVORYD GRPDþH
RVUHGQMH VHULMVNH SXEOLNDFLMH =ERUQLN JR]GDUVWYD LQ
OHVDUVWYD VDMQDVORYQHSR]QDYDOFHQHNDNR]DYDMDGDJUH
]D ]ERUQLNSRVYHWRYDQM %2ä,ý LQQH ]D VHULMVNR
%DUWRO70U]OLNDU6%LEOLRPHWULþQDDQDOL]DREMDYUD]LVNRYDOFHY2GGHOND]DOHVDUVWYR%LRWHKQLãNHIDNXOWHWH 
LVNDQMDVDMVPROHQDWHPHOMXQDWDQþQHMãLKNULWHULMHYODKNR
L]OXãþLOLSRWUHEQHDJUHJDWH9QDGDOMHYDQMXSUHGVWDYOMDPR
QHNDM]QDþLOQRVWLVLVWHPDNLVPRMLKXSRãWHYDOLSULDQDOL]L
,VNDOQDVLQWDNVDLQLVNDOQLRSHUDWRUML
6HDUFKV\QWD[DQGVHDUFKRSHUDWRUV
&RELE XSRUDEOMD VWDQGDUGQH LVNDOQH %RRORYH R]
ORJLþQHRSHUDWRUMH,1$1'1(127$/,25
$1' SUHVHNYVL]DSLVLPRUDMRYVHERYDWLSRMPHNLMLK
SRYH]XMHRSHUDWRU$1'
127 UD]OLND  ]DSLVL QH VPHMR YVHERYDWL SRMPD
SRMPRYNLVOHGLMRRSHUDWRUMX127
25 XQLMD]DSLVLYVHEXMHMRYVDMHQHJDRGSRMPRYNL
MLKSRYH]XMHRSHUDWRU25
3ULLVNDQMXVHQDMSUHML]YHGHRSHUDFLMD$1'DOL127
ãHOHQDWRRSHUDFLMD25]DWRMHWUHEDSD]LWLQDYUVWQLUHGR]
QDSRVWDYLWHYRNOHSDMHY6LQWDNVD$RU%DQG&SULNOLþH
QDVOHGQMHPRåQHNRPELQDFLMH$&DOL%&DOL$%&6LQWDNVD
$RU%DQG& EUH]RNOHSDMHYSDEL SULNOLFDOD$ DOL%&
DOL$%&NDUQHELXVWUH]DORORJLþQLPLVNDOQLPNULWHULMHP
3UL&RELVVXMHPRåQRQDYVHKVWRSQMDKLVNDQMDXSRUDEOMDWL
GHVQRLQOHYRNUDMãDQMHPDVNLUDQMH]]YH]GLFR7RYHOMD
WXGLSULSRMPLKNMHU VHSRMDYQRVWSRMPD LãþHYQDWDQþQR
GRORþHQLKSROMLKWRMHVSRPRþMRSUHGSRQDOLSULSRQNDUMH
RSLVDQRYQDVOHGQMHPRGVWDYNX
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&RELVV DOL ] LPHQL LQ SULLPNL 3UYD GYD SDUDPHWUD WRUHM
ãLIUDUD]LVNRYDOFDLQWLSRORJLMD&RELVVVH]ODVWLSULVWDUHMãLK
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V SRPRþMR SRVWRSQLK NRUDNRY LQ SRGDWNRY DQDOL]LUDQLK
Y HNVSHULPHQWDOQL ED]L 1DMSUHM VPR PRUDOL SRVWRSRPD
LGHQWL¿FLUDWL QDVORYH VHULMVNLK SXEOLNDFLM âHOH QD SRGODJL
WHJD VPR ODKNR SULGRELOL NRGH ,661 ,QWHUQDWLRQDO
6WDQGDUG6HULDO1XPEHUNLVHHQROLþQRGRORþDMRVHULMVNLP
SXEOLNDFLMDP1D SRGODJL VLVWHPDWLþQR ]EUDQLK SRGDWNRY
R] þODQNRY VPR Y QDVOHGQMHP NRUDNX ODKNR QDNQDGQR
UD]YUVWLOL þODQNH SR RåMHP WLSX þODQND SR NULWHULMLK
WLSRORJLMH&RELVV LQVLFHU,]YLUQL]QDQVWYHQLþODQHN
3UHJOHGQL]QDQVWYHQLþODQHN.UDWNL ]QDQVWYHQL
SULVSHYHN  6WURNRYQL þODQHN  3ROMXGQL þODQHN
 'UXJL þODQNL DOL VHVWDYNL 1DWDQþQHMãH DQDOL]H SR
SRVDPH]QLKNULWHULMLKVPRL]YHGOLãHOHSRSUHQRVXSRGDWNRY
YODVWQRHNVSHULPHQWDOQRED]R
8ND] NL SULNOLþH YVH L]YLUQH ]QDQVWYHQH þODQNH L]
UHYLMH=ERUQLNJR]GDUVWYDLQOHVDUVWYD,661 
61 DQG7' 
1HYQRV ãLIUH XVWDQRYH VLFHU QH YSOLYD QD RVHEQR
ELEOLRJUD¿MR SRVDPH]QLK DYWRUMHY NHU VH ELEOLRJUD¿MD
L]SLVXMH QD SRGODJL HQROLþQHJD YQRVD DYWRUMD SUHN ãLIUH
Y ED]L &2125 3RSROQH ELEOLRJUD¿MH QHNH XVWDQRYH SD
GHMDQVNRQLPRþSULGRELWLVDMVHãLIUDXVWDQRYHIDNXOWHWH
            =ERUQLN JR]GDUVWYD LQ OHVDUVWYD
2EMDYHSRWLSLKGRNXPHQWRY
3XEOLFDWLRQVE\GRFXPHQWW\SH
9 SUHJOHGQLFL  ]D ODåMH UD]XPHYDQMH NDVQHMãHJD
EHVHGLOD SUHGVWDYOMDPR ãLIUDQW EROM SRJRVWLK YUVW
GRNXPHQWRYSRWLSRORJLML&RELVV
0HGþODQNLLQVHVWDYNL6OLNDSUHYODGXMHWLSRORJLMD
,]YLUQL]QDQVWYHQLþODQNLLQWLSRORJLMD'UXJLþODQNL
DOL VHVWDYNL  3UL REHK VNXSLQDK JUH ]D RNURJ 
]DSLVRY6OLND  3UL  VH SULEOLåQR SRORYLFD ]DSLVRY
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7' 
7' 
6OLNDâWHYLORREMDYFHORWQHJD2GGHONDPHGLQSRSRGDWNLK&2%,66
)LJ1XPEHURISXEOLFDWLRQVRIWKH'HSDUWPHQWGXULQJDVUHFRUGHGE\&2%,66
3UHJOHGQLFD2EMDYFHORWQHJD2GGHONDSRWLSLKGRNXPHQWRYLQãLIUDK
7DEOH3XEOLFDWLRQVRIWKH'HSDUWPHQWE\GRFXPHQWW\SHVDQGFRGHV
(QJOLVKQDPHVIRUGRFXPHQWW\SHVDUHDYDLODEOHDWKWWSKRPHL]XPVL&2%,66ELEOLRJUD¿MH7LSRORJLMDBHQJSGI
ýODQNLLQGUXJLVHVWDYQLGHOL
$UWLFOHVDQGFRQWULEXWLRQV
0RQRJLQGUXJD]DNOMXþGHOD
0RQRJUDSKVDQGRWKHUFRPSOHWHGZRUNV
,]YLUQL]QþO  =QDQVWYHQDPRQRJUDILMD 
3UHJOHGQL]QþO  6WURNRYQDPRQRJUDILMD 
.UDWNL]QSU  8QLYDOLYLVRNRãXþE]UHFHQ 
6WU þO  6UHGQMHãRVQRYQRãXþE]UHFHQ 
3ROMXGQLþO  'UXJRXþQRJUDGLYR 
2EM]QSUQDNRQIYDESUHG  (QFVORYOHNVSULURþDWO]HP 
2EMVWUSUQDNRQIYDESUHG  'RNWRUVNDGLVHUWDFLMD 
2EM]QSUQDNRQI  0DJLVWUVNRGHOR 
2EMVWUSUQDNRQ  6SHFLDOLVWLþQRGHOR 
2EMSRY]]QDQVWYSUQDNRQI  'LSORPVNRGHOR 
2EMSRY]VWURNSUQDNRQ  .RQþQRSRURþRUH]XOWUD]LVNDY 
6DPRVW]QVDOLSRJOYPRQRJ  (ODERUDWSUHGãWXGLMDãWXGLMD 
6DPRVWVWUVDOLSRJOYPRQRJ  3URMHNWGRNLGHMQLSL]YHGES 
*HVORVHVWYHQFOHNVVORY  ,]YHGHQVNRPQHQMHDUELWURGORþ 
5HFHQ]SULND]NQMLJHNULWLND  .DWDORJ UD]VWDYH 
3UHGJRYRUVSUHPQDEHVHGD  5DGLMVNDDOLWHOHYL]LMVNDRGGDMD 
3ROHPLNDGLVNXVLMVNLSU  3DWHQWQDSULMDYD 
,QWHUYMX  3DWHQW 
'UXJLþODQNLDOLVHVWDYNL  'UXJHPRQLQGUXJD]DNOMXþGHOD 
%DUWRO70U]OLNDU6%LEOLRPHWULþQDDQDOL]DREMDYUD]LVNRYDOFHY2GGHOND]DOHVDUVWYR%LRWHKQLãNHIDNXOWHWH 
QDQDãD QD þODQNH Y UHYLML OHV *UH QDYDGQR ]D NUDWNH
SULVSHYNH LQIRUPDFLMVNHJD ]QDþDMD REMDYOMHQH QD ]JROM
HQL VWUDQL 1D WUHWMHP PHVWX VR ]QDQVWYHQL SULVSHYNL QD
NRQIHUHQFDK6NXSLQLVWURNRYQLKLQSROMXGQLK
 þODQNRY VWD ]RSHW SUHFHM L]HQDþHQL 3UL WHP YHOMD
RPHQLWLGDYGRNXPHQWDFLML&RELVVVLFHUREVWDMDUD]OLNDY
WHPNDMQDMELELOSROMXGQLLQNDMVWURNRYQLþODQHNDVHY
SUDNVLNDåHGDWDUD]OLNDQLþLVWRMDVQDLQGDDYWRUMLVYRMH
þODQNHYWLGYHNDWHJRULMLUD]YUãþDMRQHNDNRJOHGHQDVYRMR
WUHQXWQRSUHIHUHQFR

3ULPRQRJUD¿MDK LQ GUXJLK ]DNOMXþHQLK GHOLK 6OLND 
YLVRNRYRGLMRGLSORPVNHQDORJHNDUMHSULþDNRYDQR
VDM JUH ]D XQLYHU]LWHWQR XVWDQRYR 3UHVHQWOMLYR YLVRNR
SD VWD WLSD 'UXJH PRQRJUDIVNH SXEOLNDFLMH LQ GUXJD
]DNOMXþHQDGHOD  WHU ,]YHGHQVNRPQHQMHDUELWUDåQD
RGORþED1DWDQþQHMãLSUHJOHGWHKGYHKHQRWSRNDåH
GDJUHYYHOLNLYHþLQL]DGRNXPHQWHNLREVHJDMRHQRVDPR
VWUDQR]HQVDPOLVWLQNLLPDMRSRJRVWRWXGLYHþUD]OLþQLK
VRDYWRUMHY7XGLWXYþDVLKQLMDVQRSRNDNãQLKNULWHULMLK
VHGRORþDWDWLGYHWLSRORJLMLVDMMHSRJRVWRWDNRYHQLNRW
GUXJLQDMWLGRNXPHQWHHQDNHJDWLSDQSURFHQHGRNWRUVNLK
GLVHUWDFLM NDU VR VLFHU GRNXPHQWL NL SRQDYDGL QLWL QLVR
MDYQL7LSRORJLMD]QDMYLãMR³]QDQVWYHQRWHåR´YWHMVNXSLQL
EL ELOD VLFHU =QDQVWYHQD PRQRJUD¿MD  YHQGDU SD
MHWUHEDSRXGDULWLGDPRQRJUD¿MH WH YUVWH Y ELRWHKQLNL LQ
GUXJLKWHKQLþQLKDOLQDUDYRVORYQLKYHGDKåHQHNDMþDVDQH
LJUDMRYHþWDNHYORJHNRWQHNRþ3RSRGDWNLKVLVWHPD&RELVV
VPR V VYRMR DQDOL]R WDNR VLFHU SULGRELOL ãHVW WRYUVWQLK
SXEOLNDFLMYSRYH]DYL]2GGHONRP]DOHVDUVWYR1DWDQþQHMãD
DQDOL]DSULPDUQHJDYLUDSDMHSRND]DODGDMHãORSULWHPOH
6OLNDâWHYLORREMDYSRSRVDPH]QLKWLSLKþODQNRYLQGUXJLKVHVWDYQLKGHORY
)LJ1XPEHURISXEOLFDWLRQVE\GLIIHUHQWW\SHVRIDUWLFOHVDQGFRQWULEXWLRQV
6OLNDâWHYLORREMDYSRSRVDPH]QLKWLSLKPRQRJUD¿M LQ GUXJLK ]DNOMXþHQLK GHO
)LJ1XPEHURISXEOLFDWLRQVE\GLIIHUHQWW\SHVRIPRQRJUDSKVDQGRWKHUFRPSOHWHGZRUNV
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            =ERUQLN JR]GDUVWYD LQ OHVDUVWYD
]DHQRVDPRSUDYRSULPDUQRDYWRUVWYR9HQHPSULPHUXRG
ãHVWLKMHãOR]DXUHGQLãNRDYWRUVWYRYãWLULKSULPHULKSDOH]D
SLVFDUHFHQ]LMHQHNHPRQRJUD¿MH NL SD VH SR QDþHOLK YQRVD
HQRW Y VLVWHP&RELVV SUDY WDNR SULSLãH QHNLPRQRJUD¿ML
NRW³DYWRU´3ULWHPMHWUHEDRPHQLWLGHVHQD2GGHONX]D
OHVDUVWYRWXGLSULGLSORPVNLKGHOLKNRWVRDYWRUMLYQDãDMR
ãHUHFHQ]HQWLGLSORPVNLKQDORJWRUHMVHSRQDþHOLKYQRVDY
&RELVVNRWVRDYWRUMLYSLãHMRGLSORPLUDQHFVRPHQWRUWHU
UHFHQ]HQW 7LSRORJLMDPRQRJUDIVNLK SXEOLNDFLM LQ GUXJLK
]DNOMXþHQLKGHO]DMDPHWDNRYHOLNRQDMUD]OLþQHMãLKLQWHUQLK
LQQHREMDYOMHQLKGRNXPHQWRYWHUUD]OLþQLKWLSRYDYWRUVWYD
YNOMXþXMRþUHFHQ]HQWH1DþHORYQRVDVRGHOXMRþLKSULQHNHP
GRNXPHQWXVHPHGUD]OLþQLPLXVWDQRYDPLGRNDMUD]OLNXMH
WRUHMVH WLSRORJLMH L]VNXSLQHQHPRUHMRXSRUDEOMDWLNRW
]DQHVOMLYELEOLRJUDIVNLLQGLNDWRU
2EMDYHSRMH]LNLK
3XEOLFDWLRQVE\ODQJXDJHV
3UL MH]LNLK MH HQROLþQRVW LQWHUSUHWDFLMH UH]XOWDWRY
QHNROLNRRWHåHQDNHU MHQHNDWHULPGRNXPHQWRPSULUHMHQ
YHþNRWHQMH]LN3RSULþDNRYDQMXSUHYODGXMHVORYHQãþLQD
äHGLSORPVNHQDORJHSULVSHYDMRVNRUDMHQRW0HG
VORYHQVNLPLGRNXPHQWL MHWDNLKNMHU MHVORYHQãþLQD
HGLQL MH]LN 'RNXPHQWRY NL MLP MH SROHJ VORYHQãþLQH
SULUHMHQ ãH NDNãHQ GUXJ MH]LN MH WDNR ãH  7XGL PHG
DQJOHãNLPLGRNXPHQWL MH WDNLKNL MLP MHSULUHMHQ
ãHQHNGUXJMH]LNâWHYLORHQRWQDSLVDQLKYPDQMSRJRVWLK
MH]LNLK KUYDãNLVUEVNL  QHPãNL  PDGåDUVNL 
VORYDãNL  LWDOLMDQVNL  ãSDQVNL  EROJDUVNL 
PDNHGRQVNL UXVNL URPXQVNL1DYDGQRJUH]D
REMDYH DYWRUMHY Y QDFLRQDOQLK UHYLMDK SRVDPH]QLK GUåDY
2EMDYHSRVDPH]QLKUD]LVNRYDOFHY
3XEOLFDWLRQVE\LQGLYLGXDOUHVHDUFKHUV
%ROM SRGUREQR VPR RYUHGQRWLOL WLVWH UD]LVNRYDOFH
NL VR ELOL NRQHF  ãH IRUPDOQR DNWLYQL QD 2GGHONX
]D OHVDUVWYR JOHGH QD SRGDWNH V VH]QDPD QD VSOHWQL
VWUDQL 2GGHOND 3UL WHP VPR L]ORþLOL ]XQDQMH VRGHODYFH
5D]LVNRYDOFH VPR UD]YUVWLOL SDGDMRþH SR ãWHYLOX REMDY
SRWHPSD VPR MLPSULUHGLOL XVWUH]QR ãWHYLONR YUVWQL UHG
EUH]RPHPEHLPHQDVDMVPRåHSUHMSRND]DOLGDDYWRUVWYR
SRSRGDWNLK WLSRORJLMHQHSULNDåHQDWDQþQRYORJHQHNHJD
DYWRUMDSULSXEOLNDFLMLSROHJWHJDSD&RELVVRPRJRþDYQRV
ãWHYLOQLK LQWHUQLK GRNXPHQWRY NDU KLWUR SULSHOMH GR ]HOR
YLVRNLK ãWHYLONSULSRVDPH]QLKDYWRUMLK3UL WHPPRUDPR
WXGL RPHQLWL GD LPDMR QHNDWHUL GRNXPHQWL ]HOR YHOLNR
VRDYWRUMHY1DMEROMSURGXNWLYHQDYWRULPDYVLVWHPX&RELVV
WDNR VNRUDM  ELEOLRJUDIVNLK HQRW 6OLND  SULND]XMH
SRGDWNH]DSUYLKGHVHWQDMEROMSURGXNWLYQLKDYWRUMHY
3ULWHPSDVPRQDWDQþQHMHUD]LVNDOLGRGHOMHYDQMHãLIUH
UD]LVNRYDOFD )&  Y ED]L &RELVV 3UHJOHGQLFD
NDåH GD WXGL SUL DNWLYQLK UD]LVNRYDOFLK QHNDM RGVWRWNRP
ELEOLRJUDIVNLKHQRWQLELODGRGHOMHQDãLIUDUD]LVNRYDOFD3UL
WHPJUHYHUMHWQHMHSUHGYVHP]DVWDUHMãHELEOLRJUDIVNHHQRWH
LQSD]DHQRWHNLVRMLKWLUD]LVNRYDOFLREMDYLOLYVRDYWRUVWYX
V SUYLPL DYWRUML ] GUXJLK XVWDQRY LQ NMHU NDWDORJL]DWRUML
QD WLVWLK XVWDQRYDK QLVR YQHVOL ãLIUH 2PHQLOL VPR åH
GD YQRV ãLIUH QL REYH]QL HOHPHQW SUL YQRVX SRGDWNRY Y
VLVWHP&RELVV3ULWHKHQRWDKSDJUHYHUMHWQRSUHGYVHP]D
QH]QDQVWYHQRJUDGLYR
6OLND3UYLKGHVHWUD]LVNRYDOFHY]QDMYLãMLPãWHYLORPREMDY
)LJ)LUVWWHQUHVHDUFKHUVZLWKWKHKLJKHVWQXPEHURISXEOLFDWLRQV
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=DSLVLEUH]ãLIUHUD]LVNRYDOFD5HFRUGVZLWKRXW65$&RGH
%DUWRO70U]OLNDU6%LEOLRPHWULþQDDQDOL]DREMDYUD]LVNRYDOFHY2GGHOND]DOHVDUVWYR%LRWHKQLãNHIDNXOWHWH 
2EMDYHYVHULMVNLKSXEOLNDFLMDKUHYLMDK
3XEOLFDWLRQVLQVHULDOVMRXUQDOV
7X QDV MH ãH QDWDQþQHMH ]DQLPDOR REMDYOMDQMH
þODQNRYYUHYLMDKVHULMVNLKSXEOLNDFLMDK9SUHJOHGQLFL
SULND]XMHPROHWLVWHSXEOLNDFLMHNMHUMHELORREMDYOMHQLKYVDM
GHVHWþODQNRYLQVLFHUQHJOHGHQDWLSþODQNDSRWLSRORJLML
&RELVV 1D þODQNH QDQDãDMR SUHGYVHP WLSL  
WHU3ULþODQNLKYVWDQGDGQLKVHULMVNLK
SXEOLNDFLMDKODKNRãHRPHQLPRGDODKNRYþDVLKSULGHGR
UD]OLþQLKSRGDWNRY]DLVWRUHYLMRYUD]OLþQLKELEOLRJUDIVNLK
VLVWHPLKNHUVHþODQNLYQHNDWHULKSRVHEQLKãWHYLONDKUHYLM
NMHUVRREMDYOMHQLUHIHUDWLVSRVYHWRYDQMODKNRR]QDþLMRV
WLSRORJLMR]DSRVYHWRYDQMD
6OLND  SULND]XMH L]UD]LWR NRQFHQWUDFLMR REMDY
Y PDMKQHP ãWHYLOX UHYLM NL SUHGVWDYOMDMR MHGUR R]
RVUHGQMHUHYLMHSRVWDQGDUGQHPVFLHQWRPHWULþQHP]DNRQX
%5$')25'7HHQRWHVPRYQDãLHNVSHULPHQWDOQL
ED]LGRORþLOLLQDQDOL]LUDOLVSRPRþMRãLIHU,661
6NXSDM VPR LGHQWL¿FLUDOL  þODQNRY REMDYOMHQLK
YNDUUD]OLþQLKUHYLMDKNMHUSDMHåHQDSUYLKSHWUHYLM
QDMEROMSURGXNWLYQLKUHYLMSULSDGORYHþNRW WLVRþþODQNRY
PHGWHP NR MH ELOR VHGHPGHVHW UD]OLþQLK UHYLM WDNLK NMHU
VPRLGHQWL¿FLUDOL OH SR HQ þODQHN UHYLM ] GYHPD þODQNRPD
SD MH ELOR  .ULYXOMD L]UD]LWHJD %UDGIRUGRYHJD WLSD ]
YLVRNR NRQFHQWUDFLMR þODQNRY Y RVUHGQMLK UHYLMDK QD HQL
VWUDQLLQYHOLNRUD]SUãHQRVWMRVFDWWHUQDGUXJLVWUDQLMHQD
VOLNL OHSRUD]YLGQD3ULND]XMHPROH UD]SUãHQRVWYSUYLK
 UHYLMDK WRUHM WLVWLK Y NDWHULK VR ELOL REMDYOMHQL YVDM
WULMHþODQNLýHELSULND]DOLYVHKUHYLMELELODYHþLQD
GHVQHJD GHOD JUD¿NRQD SRSROQRPD VSORãþHQD ,PHQD
VHULMVNLKSXEOLNDFLMVPRSUHGVWDYLOLVãWHYLONDPL
3R SULþDNRYDQMLK MH ELOR QDMYHþ þODQNRY 
REMDYOMHQLK Y UHYLML /HV NL MH RVUHGQMD UHYLMD VWURNH
1HNROLNR SUHVHQHWOMLYR MH QD GUXJHP PHVWX UHYLMD 1DãD
åHQDþODQNRYNMHUSDVPRXJRWRYLOLGDMHYWHMUHYLML
REMDYOMDO SUHWHåQR OH HQ DYWRU 3UYD WXMD UHYLMD QD QDãHP
VH]QDPX MH+RO] DOV5RKXQG:HUNVWRII VREMDYDPL
7XMHUHYLMHSDVRPRþQRSULVRWQHPHGWLVWLPLþODQNLNLVR
VHUD]YUVWLOLQDGHVQLVWUDQLNULYXOMHWRMHWLVWLKVHGHPGHVHW
UD]OLþQLK VWURNRYQLK LQ ]QDQVWYHQLK UHYLM NMHU MH ELO
REMDYOMHQOHSRHQþODQHNDYWRUMHY2GGHOND
3UHJOHGQLFD3UYLKGYDMVHWVHULMVNLKSXEOLNDFLMUHYLM]QDMYHþþODQNLUD]LVNRYDOFHY2GGHOND
7DEOH)LUVWWZHQW\VHULDOSXEOLFDWLRQVMRXUQDOVZLWKWKHKLJKHVWQXPEHURIDUWLFOHVE\'HSDUWPHQWUHVHDUFKHUV
6OLND6HULMVNHSXEOLNDFLMHUHYLMH]YVDMWUHPLþODQNLUD]LVNRYDOFHY2GGHOND
)LJ6HULDOSXEOLFDWLRQVMRXUQDOVZLWKDWOHDVWWKUHH'HSDUWPHQWUHODWHGDUWLFOHVSHUMRXUQDO
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6NOHSL
&RQFOXVLRQV
6NXSQR ãWHYLOR REMDY GRNDM VWUPR QDUDãþD YVH GR
GUXJHSRORYLFHGHYHWGHVHWLKOHWNDUSUHGYVHPSRPHQLGDVH
REMDYHYþDVLKQLVRYQDãDOHVLVWHPDWLþQR3UHFHM]DQHVOMLYR
SD ODKNR WUGLPR GD RG GUXJH SRORYLFH GHYHWGHVHWLK OHW
GDOMH &RELVV SUHFHM GREUR ]DMDPH REMDYH =DGQMLK GHVHW
OHWSRVHEQHUDVWLQLYHþRSD]LWLUD]HQQHNROLNRSULþODQNLK
SULPRQRJUD¿MDK SD ãWHYLOR XSDGD NDU MH JRWRYR SRVOHGLFD
WRþNRYQHJD QHYUHGQRWHQMD GRORþHQLK WLSRY GRNXPHQWRY
VVWUDQL$556-DYQDDJHQFLMD]DUD]LVNRYDOQRGHMDYQRVW
5HSXEOLNH6ORYHQLMHR]8QLYHU]H.RW VPRSRND]DOL MH
ãWHYLORSXEOLNDFLMWLSD0RQRJUD¿MH LQ GUXJD ]DNOMXþHQD
GHOD QHQDYDGQR YLVRNR 7R ãWHYLOR JUH VHYHGD SROHJ
GLSORPVNLKQDORJQDUDþXQãWHYLOQLKQHREMDYOMHQLKLQWHUQLK
GRNXPHQWRYNLãWHMHMR]JROMHQOLVWRFHQHUHFHQ]LMHLSG
]D NDWHUH SD DYWRUML åHOLMR GD VH YQHVHMR Y &RELVV 3UL
WHPSULKDMDGRQHQDYDGQHVLWXDFLMHNR MH³PRQRJUDIVND´
SXEOLNDFLMD R] ]DNOMXþHQR GHOR SRYSUHþQR NUDMãH RG
þODQNRY þH VHYHGD RGãWHMHPR GLSORPVNH QDORJH 7DN
QDþLQ YQRVD RQHPRJRþD SULPHUMDYR PHG SRVDPH]QLPL
XVWDQRYDPL ]D WLS  VDM QHNDWHUH XVWDQRYH Y &RELVV
YQDãDMR OH L]EUDQL WLS DYWRUVWYD GUXJH SD SUHGYLGHYDMR
SUHFHMPDQMãH UHVWULNFLMH 3ROHJ WHJDPHG XVWDQRYDPL QL
SRHQRWHQQLWLYQRVGLSORPVNLKQDORJJOHGHQDDYWRUMHVDM
VH YþDVLK YQDãDMR OH GLSORPLUDQFL LQPHQWRUML YþDVLK SD
WXGL UHFHQ]HQWL þHVDU SD LVNDOQL XND] VLVWHPD&RELVV QH
]D]QDWRSD]RSHWSULYHGHGRVODERSULPHUOMLYLKSRGDWNRY
PHGXVWDQRYDPL
3ULPHUMDYD SURGXNWLYQRVWL ]DWR L]ND]XMH SUHFHMãQMH
ãWHYLOR DYWRUMHY NL LPDMR YVDN SR YHþ VWR ELEOLRJUDIVNLK
HQRW NDU QHGYRPQR RGUDåD SUHM RPHQMHQH SRVHEQRVWL
YQRVD 3URGXNWLYQRVWL DYWRUMHY VH VLFHU QH GD RSUHGHOLWL
V NYDQWL¿FLUDQMHP ãWHYLOD REMDY VDM VH REMDYH PRþQR
UD]OLNXMHMR PHG VHERM SROHJ WHJD SD VR QHNDWHUL PODMãL
DYWRUML ãHOH QD ]DþHWNX ]QDQVWYHQHJD XVWYDUMDQMD ]DWR MH
WDNSRGDWHN]DQLPLYOHNRWFHQD3ULPHUMDYDRVUHGQMHYORJH
SRVDPH]QLKUHYLMQHNDåHYHþMLKSRVHEQRVWL]RPHPERGD
MH þLVWR SUL YUKX QDMWL WXGL HQ WHGQLN VSORãQHJD WLSD9VL
þODQNL R] QDVYHWL NL VH VLFHU QDQDãDMR QD SRKLãWYR R]
VWDQRYDQMVNRRSUHPRVRWXGHORHQHJDVDPHJDDYWRUMD7H
REMDYHVLFHUODKNRNRPHQWLUDPRWXGLNRWSURPRFLMROHVDUVNH
VWURNHPHGVSORãQRSRSXODFLMR3ULþODQNLKYSUDNVLQLþLVWR
MDVQD UD]OLND PHG VWURNRYQLPL  SROMXGQLPL 
LQ GUXJLPL þODQNL DOL VHVWDYNL ýODQNL SRGREQH DOL
HQDNHVWUXNWXUHVHSRMDYOMDMRNRWHQRDOLGUXJR7RPRUGD
NDåHGDELVHWLWULMHWLSLODKNR]GUXåLOL
3RXGDULOL EL GD QLVPR åHOHOL YUHGQRWLWL VWURNRYQH
NDNRYRVWLSRVDPH]QLKHQRWSDþSDOHSRQXGLWLLQIRUPDFLMR
RUD]NURSOMHQRVWLREMDY2GGHOND LQ ORJLNLYQRVDYVLVWHP
&RELVV&RELE .DNRYRVW VH WDNR LQ WDNR YUHGQRWL SUHN
VLVWHPD 6LFULV 5D]SRUHGLWHY REMDY þODQNRY SR UHYLMDK
VH SUHFHM SULEOLåXMH NULYXOML NODVLþQHJD %UDGIRUGRYHJD
WLSD %5$')25'  REMDYH þODQNRY DYWRUMHY SD
VLFHU QHNROLNR RGVWRSDMR RG UD]NURSLWYH /RWNRYHJD WLSD
/27.$NDU MHSULþDNRYDQRVDMJUH]DREMDYHQD
LVWHPVWURNRYQHPSRGURþMXNMHUVHRGYVHKUD]LVNRYDOFHY
SULþDNXMH GD L]ND]XMHMR VWDOQR REMDYOMDMDQMH7X MH WUHED
]QRYD RPHQLWL GD MH QDãD UD]LVNDYD ]JROM NYDQWL¿FLUDOD
VWDQMHSRSRGDWNLK&RELVVNLSDQH]D]QDGHMDQVNHJDYORåND
QHNHJDDYWRUMDQDHQRWRLQWHJDWXGLQHYUHGQRWL$QRPDOLMH
SUL UD]YUãþDQMX Y UD]OLþQH WLSH GRNXPHQWRY SUL VLVWHPX
&RELVV VR VLFHU RSD]LOL WXGL GUXJL DYWRUML 921ý,1$
 -8*  &RELVV ODKNR WRUHM UDEL ]JROM ]D SULEOLåQR
NYDQWL¿FLUDQMH VNXSQHJD ãWHYLOD REMDY QHNH XVWDQRYH SD
ãHWXMHWUHEDELWL]HORSD]OMLYSULLQWHUSUHWLUDQMXSRGDWNRY
]DQHNDWHUHWLSHREMDYVDM&RELVVQDUDYQLWLSRORJLMHLQRE
UDEL QDþLQD23$& MDYQL NDWDORJ GRVWRSHQ SUHN:::
QHUD]ORþLGRYROMXþLQNRYLWRUD]OLþQLKWLSRYDYWRUVWYDLQVH
WXGL QHPRUH XSRUDEOMDWL NRW ]DQHVOMLYD SULPHUMDYD REMDY
UD]OLþQLK XVWDQRY %LEOLRWHNDUMHP VR ]D EROM QDWDQþQR
LVNDQMH QSU SR EROM VSHFL¿þQLK WLSLK DYWRUVWYD QD YROMR
ãH GUXJL XND]L YHQGDU SD MH QDYDGQLP XSRUDEQLNRP QD
YROMR OHGRVWRSSUHNDSOLNDFLMH23$&NMHUSD VR LVNDOQH
PRåQRVWLRPHMHQH
=DUDGL YVHK QDãWHWLK SRVHEQRVWL VH ]GL ãH EROM
SRPHEQRGDXSRUDEQLNLWXGLVDPLEROMHVSR]QDMRGHORYDQMH
VLVWHPDWHUQMHJRYHPRåQRVWLSDWXGLRPHMLWYH3ULWHPERGR
EROMHYHGHOLNDMRGVLVWHPDQDSRVDPH]QLKVWRSQMDKODKNR
SULþDNXMHMR LQ ERGR WDNR SULGREOMHQH ]DSLVH LQWHUSUHWLUDOL
SUDYLOQHMH
6XPPDU\
%DVLF VHDUFK LQ &2%,66&2%,%23$& GRHV QRW
SURYLGHDSRVVLELOLW\WRLGHQWLI\DELEOLRJUDSK\RIDQHQWLUH
GHSDUWPHQW RU LQVWLWXWLRQ LQ 6ORYHQLD ,W LV QHFHVVDU\ WR
FRQGXFWDGYDQFHGVHDUFKTXHU\E\FRPELQLQJPDQ\GLIIHUHQW
VHDUFKFULWHULDLQVHYHUDOVWHSV(YHQVRVRPHUHFRUGVPD\
QRWJHWUHWULHYHGEHFDXVHWKHLQSXWGDWDGRQRWQHFHVVDULO\
FRQWDLQDOO¿HOGV VXFK DV D FRGH IRU UHVHDUFKHU¶V LQVWLWXWLRQ
7KHLQSXWRILQVWLWXWLRQLVQRWPDQGDWRU\DQGKDVQRWEHHQ
XVHGV\VWHPDWLFDOO\LQWKHLQLWLDO\HDUVRIWKHV\VWHP-RXUQDO
DUWLFOHVDUHVFDWWHUHGLQPDQ\GLIIHUHQWMRXUQDOV7KLVVFDWWHU
FRXOGRQO\EHDVVHVVHGDIWHUDPRUHV\VWHPDWLFGRZQORDGLQJ
RIDOOUHOHYDQWUHFRUGVDQGIXUWKHUPRUHH[DFWDQDO\VLVRI
GRZQORDGHG UHFRUGV DFFRUGLQJ WR GLIIHUHQW FULWHULD 7KH
DLPZDVWRRIIHUDPRUHFRPSOHWHLQIRUPDWLRQRQ&RELVV
UHODWHG LQSXW SDWWHUQV RQ WKH H[DPSOH RI WKH UHVHDUFKHUV
RI WKH 'HSDUWPHQW RI:RRG 6FLHQFH DQG 7HFKQRORJ\ RI
WKH %LRWHFKQLFDO )DFXOW\ RI WKH 8QLYHUVLW\ RI /MXEOMDQD
:HHPSOR\HGFRPSOH[VHDUFKTXHULHVLQRUGHUWRLGHQWLI\
DQGGRZQORDGLQIRUPDWLRQRQ$XWKRUV3XEOLFDWLRQ\HDUV
,QVWLWXWLRQRUJDQL]DWLRQ FRGH 7\SRORJ\ RI GRFXPHQWV
ZRUNVDQG/DQJXDJH$OWRJHWKHUZHLGHQWL¿HG VRPH 
SXEOLFDWLRQV UHFRUGV E\ WKH 'HSDUWPHQW UHVHDUFKHUV
6WURQJJURZWKFDQEHREVHUYHGXQWLOWKHODWH¶LHVDIWHU
WKDWSHULRGWKHQXPEHURIGRFXPHQWVVWHDGLHVDWEHWZHHQ
 DQG\HDUO\ UHFRUGV7KHEURDGHU GRFXPHQW W\SH
0RQRJUDSKVDQG2WKHU&RPSOHWHG:RUNVZKLFKDOVR
%DUWRO70U]OLNDU6%LEOLRPHWULþQDDQDOL]DREMDYUD]LVNRYDOFHY2GGHOND]DOHVDUVWYR%LRWHKQLãNHIDNXOWHWH 
FRYHUVVWXGHQWWKHVHVH[KLELWVXQXVXDOO\KLJKQXPEHUVRI
RWKHUPRQRJUDSK W\SHV7KLVFDQEHH[SODLQHG WRD ODUJH
H[WHQW E\ WKH VSHFL¿F W\SHV  ([SHUWLVH $UELWUDWLRQ
'HFLVLRQ DQG  2WKHU 0RQRJUDSKV DQG 2WKHU
&RPSOHWHG:RUNV$PRUHWKRURXJKDQDO\VLVRIWKHVHWZR
VXEW\SHV KRZHYHU VKRZV WKDW D ODUJH QXPEHU RI WKHVH
³PRQRJUDSKLF´ GRFXPHQWV KDYH QHYHU EHHQ SXEOLVKHG
DQGFRQWDLQRQHOHDISDJHRQO\*HQXLQHSULPDU\DXWKRUV
RI VFLHQWL¿F PRQRJUDSKV UHSUHVHQW RQO\ D PLQRU SDUW RI
UHFRUGV7KHJHQHURXVDVVLJQPHQWRIDXWKRUVKLSLQ&RELVV
LV DOVR UHÀHFWHG LQ WKH WRWDO QXPEHU RI UHFRUGV E\ PRVW
SURGXFWLYHDXWKRUV7KHUHDUHPDQ\DXWKRUVZKLFKKDYHVR
IDUSURGXFHGVHYHUDOKXQGUHGSXEOLFDWLRQVHDFKZLWK WKH
PRVWSUROL¿F DXWKRU DFFRXQWLQJ IRU VRPH  ELEOLRJUDSKLF
XQLWV2QO\DPRUHGHWDLOHGDQDO\VLVFDQVKRZWKHQDWXUH
RIDUHDOFRQWULEXWLRQRISDUWLFXODUDXWKRUV:HLGHQWL¿HG
DUWLFOHVSXEOLVKHG LQGLIIHUHQW MRXUQDOV6LPLODU
WR WKH VWDQGDUG %UDGIRUG GLVWULEXWLRQ VFDWWHU D OLPLWHG
QXPEHURIFRUH¿YH MRXUQDOV DFFRXQWHG IRU PRUH WKDQ 
DUWLFOHV RQ WKH RWKHU KDQG  DQG  GLIIHUHQW MRXUQDOV
SXEOLVKHG RQO\ RQH RU WZR DUWLFOHV UHVSHFWLYHO\ 7KHVH
WZR ODVW KLJKVFDWWHU JURXSV LQFOXGH PDQ\ LQWHUQDWLRQDO
VFLHQWL¿F MRXUQDOV %HVLGHV VFLHQWL¿F W\SHV WKHUH H[LVW LQ
&RELVV DOVR VHYHUDO GLIIHUHQW QRQVFLHQWL¿F DUWLFOH W\SHV
VXFKDV3URIHVVLRQDO$UWLFOH3RSXODU$UWLFOH
DQG2WKHU$UWLFOHVRU&RPSRQHQW3DUWV,QSUDFWLFHLW
LVIUHTXHQWO\QRWSRVVLEOHWRVHHWKHGLIIHUHQFHDPRQJWKHVH
W\SHVDVWKH\DUHRIWHQDVVLJQHGWRDUWLFOHVTXLWHLGHQWLFDO
LQVWUXFWXUH7KHUHVXOWVVKRZWKDWWKHGDWDIRU0RQRJUDSKV
FDQQRWVHUYHDVDJRRGEDVLVIRUFRPSDULVRQRIGLIIHUHQW
LQVWLWXWLRQV 7KLV W\SH LV QRW DVVLJQHG FRQVLVWHQWO\ ZLWK
UHJDUG WR D UHDO LQYROYHPHQW RI DQ DXWKRU $Q DXWKRU
FDQ EH DPHUH SHUUHYLHZHU RI DPRQRJUDSK EXWZLOO EH
UHWULHYHGDVDQDXWKRURIVXFKDPRQRJUDSK7KHUHWULHYDO
IRUPRQRJUDSKVDQGRWKHUFRPSOHWHGZRUNVLQWKH&RELVV
V\VWHP FDQ WKXV RQO\ EH FRQGXFWHG ZLWK FDXWLRQ 0RUH
SUHFLVHGDWDDUHRQO\DFFHVVLEOHWRLQIRUPDWLRQVSHFLDOLVWV
ZKLFK FDQ HPSOR\ D VSHFLDO GDWDEDVH DFFHVV 2UGLQDU\
HQGXVHUVKRZHYHUFDQRQO\DFFHVVWKHGDWDEDVHWKURXJK
23$& ZKLFK GRHV QRW GLVWLQJXLVK VXI¿FLHQWO\ DPRQJ
GLIIHUHQW DXWKRU W\SHV6XFKDELEOLRJUDSK\KDV WKHUHIRUH
RQO\ D OLPLWHG DSSOLFDELOLW\ DQG FDQ VHUYH RQO\ DV DQ
DVVHVVPHQW 5HVXOWV PXVW EH LQWHUSUHWHG ZLWK EHDULQJ LQ
PLQG WKDW LQVWLWXWLRQVDQGDXWKRUV VRPHWLPHVFUHDWH WKHLU
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